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The  QCSm V T W  and ( I F W  p r o p u l s i o n  sys t ems  p r o v i d e  advanced technology by 
t h e  i n t r o d u c t i o n  of  t i le  i n t e g r a t e d  e n g i n e / n a c e l l e  i n s t a l l a t i o n .  Th,s t e c h n o l -  
ogy is a  c r i t i c a l  i n g r e d i e n t  i n  ach i ev ing  r h e  o b j e c t i v e s  of h i g h  i n s t a l l e d  pe r -  
formance and h i g h  i r s t a l l e d  t h r u s t  t o  weight  r a t i o  f o r  t h e  ex t r eme ly  low n o i s e ,  
low f a n  p r e s s u r e  r a t i a  s h o r t  hau l  p r o p u l s i o n  s y s t e r - s .  The  key f e a t u r e s  of  t h e  
i n t e g r a t e d  p-opulsion r f -  ~s a r e  d i s c u s s e d  i n  t h i s  paper  i n c l u d i n g  t h e  h igh  
Mach number, f i x e d  geome; ? a r  s o n i c  i n l e t ,  t h e  v a r i a b l e  a r e a  n o z z l e s ,  t h r u s t  
r e v e r s i n g  sys tems and a i r c r a f t  or-esso-y I c c z t i u n .  The r o l e s  and i n t e r p l a y  of  
e a c h  element  a r e  d i s c u s s e d  and . . x n ~ a r i s o n s  made w i t h  c o n v e n t i o n a l  s t a t e - o f - t h e -  
a r t  t echnology.  
"he G ~ n e r s l  E l e c t r i c  Company is c u r r e n t l y  under  c o n t r a c t  t o  NASA t o  dev- 
e l o p ,  d e s i g n .  b u i l d  and test two e n g i n e  sys tems cample te  w i t h  i n l e t ,  d u c t i n g  
and n a c e l l e s  f o r  f u t u r e  s h o r t  hau l  powered - l i f t  a i r c r a f t  t h a t  may e n t e r  s e r v i c e  
ir. t h e  1980 ' s .  The two e n g i n e  sys tems a r e  t h e  under  t h e  willg (UTW) based on*& 
p r i n c i p l e  of t h e  e x t e r n a l l y  blcwn f l a p  (EBF) S'OL a i r c r a f t  s i m j l a r  t o  t h e  
YC15, and t h e  o v e r  t h e  wing (mW), based on  t h e  p r i n c i p l e  of  t h e  upper  s u r f a c e  
blowing (USB) STOL a i r c r a f t  s i m i i a r  t o  t h e  YC14. The Gene ra l  E l e c t r i c  t a s k  was 
t o  deve lop  t h e  complete  p ropu l s ion  sys tem,  i n t e g r a t i n g  a l l  a s p e c t s  of e n g i n e  
c y c l e ,  s t r u c t u r e ,  a c o u s t j  c s ,  and a e ~ o d p n a m i c s  i n t o  a  ba lanced  d e s i g n  t o  meet 
t h e  program o b j e c t i v e s .  To a s s i s t  i n  b h i s  t a s k ,  ll u g l a s ,  Boeing and American 
Airli..es aele s u b c o n t r a c t o r s  t o  t h e  Gene ra l  E l e c t r i c  Company w i t h  t h e  g e n e r a l  
assignment  of reviewir.g pxogrpm p l a n s ,  i n s t a l l a t  i o n  f e a t u r e s  and performance 
c h a r a c t e r i s t i c s .  I n  p a r t i c u l a r ,  Douglas w3s funded f o r  specific a s s i s t a a c e  i n  
t h e  h igh  M-ch i n l e t  d e s i g n  based on t h e i r  d a t a  b a s e  an0 Boeing provided  gu id -  
ance f o r  t h e  CTW exhaus t  system i n t e r n a l  and e x ~ e r n a l  a e r o  l i n e  d e f i n i t i o n s .  
The Gene ra l  E l e c c r i c  Company d e s i g n  approach  provided  t h e  f i r s t  a p p l i c a -  
t i o n  of t h e  i n ~ e g r a t e a  e n g i n e / n a c e l l e  p r o p u l s i o n  sys tem.  Some of t h e  key 
aerodynamic e l emen t s  of t h i s  sys tem,  t h e  i n l e t  an0 exhaus t  s y s i e m s ~  involved  
ad-. . ncen~ent  5 i n  p.*oy.:' - i e s i g n  technology no;. :ibrmally found i n  convent  i on -  
a 1  des igr rs .  Extens11 = a n a l y s i s  and component t e s t i n g  were r e q u i r e d  t o  p rov ide  
tt.e t ime ly  s o l u t i o n  f o r  t h e  b e s t  o v e r a l l  d e s i g n .  These  tests were conducted 
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a t  t h e  NASA Lewis ana Langley wind tunne l  f a c i l i t i e s .  
A 4 e s c r i p t i d n  of t h e  i n t e g r a t e d  propuls ion system and t h e  role played by 
t h e  key components is presented i n  t h i s  paper a s  w e l l  a s  t h e  s i g n i f i c a n t  
r e s u l t s  from t h e  experimental  programs. 
DISCUSS ION 
The extremely low n o i s e  g o a l s  of t h e  QCSEE program present  a  major chal-  
lenge i n  t h e  aerodynamics of n a c e l l e  i n t e g r a t i o n  i n  o r d e r  t o  provide propul- 
s i o n  systems w i t h  minimum perfor,..ance p e n a l t i e s .  The magnitude 06 t h e  t a s k  . . 
is v i v i d l y  por t rayed by re fe rence  to Figure  1. T h i s  s n a l y s i s  i l l u s t r a t e s  t h e  
s e a  l e v e l  takeoff  t h r u s t  p e r  u n i t  f r o n t a l  a r e a  a s  a  f u n c t i o n  of t h e  f a n  pres-  , '! :a. $ .? 
s u r e  r a t i o .  The a n a l y s i s  is presented r e l a t i v e  to todays CTOL high bypass I :,;, 
8 2-2 
r a t i o  systems wi th  a  nominal f a n  p ressure  r a t i o  of 1.6.  i h e  f i g u r e  shows t k s t  I 
t - .  
t h e  QCFiEE U T W  propuls ion system w i t h  its f a n  p ressure  r a t i o  of 1-21 has a  4-:I 
decrease  i n  t h r u s t  pe r  u n i t  f r o n t a l  a rea  r e l a t i v e  t o  t h e  re fe rence  CTOL system 1 . .4 
of 85% and t h e  QCSEE mW w i t h  its f a n  p ressure  r a t i o  of 1.35 is i n  t h e  o rder  . .) 
of 65%. T h i s  pe rspec t ive  p o r t r a y s  t h e  s i g n i f i c a n t  need t o  achieve t h e  lowest i 2 . 1  
i n s t a l l e d  diameter  and l eng th  p r a c t i c a l  w i t h  t h e  system req-trements.  
INLEX SELECTION 
The i n l e t  i s  t h e  s i n g l e  l a r g e s t  component of t h e  n a c e l l e  i n s t a l l a t i o n  and 
hes p a r t i c u l a r  s i g n i f i c a n c e  because it genera l ly  d e f i n e s  t h e  n a c e l l e  maxi~um 
d;ameter . 
The CCSEE V T W  and mI propuls ion systems emplc; a  h igh  (0.79) t h r o a t  Mach 
number f i x e d  geometry i n l e t  system. Figure  2 i l l u s t r a t e s  t h e  comparison of the 
QCSFS high Mach i n l e t  and n a c e l l e  and convent ional  des ign  low Mach i n l e t  of 
0.6 The low Mach i l l l e t  r e s u l t s  i n  a n a c e l l e  d iameter  9%. l a r g e r  and a  n a c e l l e  
cowl 1% longer .  The low Mach i n l e t  which is r e p r e s e n t a t i v e  of convent ional  
s ta te-of- the-ar t  of des ign  technology does indeed d e f i n e  t h e  maximum n h c e l l e  
diameter and plays  a  l a r g e  r o l e  i n  d e f i n i n g  t h e  o v e r a l l  n a c e l l e  ength.  
4 .  
, 4 
1 , .-. The qCSEE k . 7 9  t h r o a t  i n l e t ,  however, w i t h  its reduced t h r o a t  a rea  d - e s  
. , 
not s e t  t h e  maximum n a c e l l e  d iameter  s i n c e  t h e  i n l e t  i n t e r n a l  and e x t e r n a l  I . - ;  
- 4 geometry diameter  des ign r e s u l t s  i n  a  d iameter  l e s s  than t h a t  f o r  t h e  i n t e g r a -  
t e d  n a c e l l e  s t r d c t u r e .  
For t h e  QCSEE propuls ion system, t h e  i n l e t  must a l s o  provide by its design 
8 l a r c e  measure of f r o n t  end no i se  suppress ion t o  meet t h e  low no ise  goa l s  and 
a l s o  achieve a mu<:: h igher  angle  of a t t a c k  f o r  a i r c r a f t  opera t ion .  The 0.79 
1 :  I. ! 
t h r o a t  Mach number i n l e t  wi th  i t s  near  son ic  flow c h a r a c t e r i s t i c s  is a b l e  t o  
achieve Cts s i q n i f i c a n t  f r o n t  end noise  suppress ion i n  an i n l e t  l e n g t h  t o  
diameter r a t i o  of 1.0 compared t o  a  2% i n c r e a s e  f o r  t h e  low Mach i n l e t .  
-- ' :I -.. 
:,-I 7; 
Numerous aaro/acoustic tests have demonstrated t h e  s ign i f i can t  f r o n t  end -:. .%-;. . -. 
.! ;a@. 
noise  suppression of near sonic  i n l e t s .  The QCSEE propulsion systems a r e  t h e  :.<'A $.-s 
--; :%, 
f i r s t  t o  use t h i s  c h a r a c t e r i s t i c  i n  a p r a c t i c a l  propulsion design which meets 8 ! A .  ' ".',4 
. .. . 
a l l  t be  QCSRE program object ives .  . * ! -,.. +:$, ?.~ 
, -; .4. 
. .?'" 
The QCSBE i n l e t  was designed f o r  a t h roa t  Mach number of 0.79 because t h i s  : - ..>I : .. 
was t h e  highest Uach number p r ~ c t i c a l  considering j;ri:t engine matchiax require- : &] - - 
r en t s .  Typical subsonic i n l e ,  performance c h a r a c t a r i s t i c s  follow the  recovery/ 
Mach number r e l a t i onsh ip  e8:awn on Figure 3. These da t a  obtained a t  s t a t i c  con- 
d i t i o n s  show a p r e c i p i t ~ ~ .  f a l l  off i n  d,covery a t  a Mach number of 0.82. The 
Mach number of 0.79 was se lec ted  by considerat ion of tolerances required f o r  
engine a i r f l ~ w  var ia t ion ,  .ransient engine operat ional  requirements, t h roa t  
corrected flow va r i a t i ons  due t o  a i r c r a f t  operat ional  e f f e c t s  and i n l e t  manu- 
fac tur ing  to le rances ,  aad then backing off  from t h e  l i m i t  value of 0.82. 
In addi t ion  t o  t he  required i n t eg ra t i on  f o r  no ise  and minimum diameter, 
t h e  QCSEE i n l e t  had another most s t r i ngen t  requirement. 
The WEE i n l e t  system needed t o  operate  a t  unusually high angles  of 
a t t ack  because of an t ic ipa ted  STOL a i rp lane  c h a r a c t e r i s t i c s  and crosswind 
ccndi t ions.  Tne angle of a t t ack  condi t ion defined by the  YASA requirement 
was s a t i s f ac to ry  engine operation t o  50 degrees angle of a t t ack  aC 80 knots 
fornard veloci ty .  Th i s  compares t o  t h e  more normal maximum angles of atLack 
of conventional CTOL a i r c r a f t  of 20 t o  22 degrees. The NASA defined crosswind 
requirement was f o r  s a t i s f ac to ry  engine operat ion with 35 knots crosswind a t  
90 degrees. Th i s  is cons is ten t  with conventional CTOL type operation. 
The se lec ted  QCSEE i n l e t  geometry a s  demonstrated i n  a s c a l e  sode l  v e r i f i -  
/ ca t ion  test program d id  achieve t h e  des i red  i n l e t  recovery versus Mach number 
' 
cha rac t e r i s t i c s .  The de t a i l ed  l i p  geometry and d i f f u s e r  shape t o  achiave t h e  i 
non-sepazated flow with i ts at tendant  low d i s t o r t i o n  c h a r a c t e r i s t i c s  a t  t he  
high angles of a t t a c k  required by QCSEE received much a t t e n t i o n  i n  t h e  s c a l e  
I model program. The test da ta  show t h a t  t h e  se lec ted  QCSEE i n l e t  does not have 
I s e p a r a t i o ~  and r e su l t an t  high d i s t o r t i o n  u n t i l  approximately 63 degrees,  w e l l  
beyond the  COO requirement. This  assures  t h e  engine la i r f  rame compatiblli1.y. 
I 
The a b i l i t y  of the  QCSEE t f i W  engine/propulsion system t o  achieve the  I '  1 
r e l a t i ve ly  high takeoff t h roa t  Mach number f o r  a f ixed  geometrq i n l e t  is a 4 
s ign i f i can t  advancement i n  aero/acoustic in tegra t ion  as  evidenced hy the  f l i g h t  ' 1  -i 
placard a i r f low c h a r a c t e r i s t i c s  shown on Figure 4. This  a n ~ l y s i s  portrays the ! 1 , ' , I  ! . I  
r e su l t an t  t h roa t  Mach number of conventional CXOL systzms anu t he  QCSEE W W  i :  i 
! I .  
system a t  t he  takeof f ,  maximum climb, c ru i se  and approach condi t ions.  The . ,  , i ! , . ,  'I
- : I  
conventional a i r c r a f t  propulsion system is shown t o  have its highest t h roa t  ! !  a 
Mach number a t  maximum climb conditions and, due t o  i ts f ixed  geometry f an  and 1 .  -.! I i  i 
non-variable nozzle,  t h e  Mach number a t  takeoff and approach f a l l s  t o  0.57 and 
.40, respsc t ive ly .  As a r e s u l t ,  t he  CTOL system has no inherent  acce le ra t ing  
flow noise  suppression benef i t  a t  t he  c r i t i c a l  takeoff and approach condi t ions.  1 I 1 
The present QCSEE desi*n est imate  f o r  t h e  inlet /nozzle/cycle  match r e s u l t s  i n  1 I 
t r .  r e l a t i ve ly  ILigh . I r A 3 t  t h roa t  Mach number of 0.71 a t  approach condi t ions a l s o  
producing some noise  suppression. This  i s  made possible  by the  unique aero- 
thermodynamic V F W  angine cycle  operat ing c h a r a c t e r i s t i c s  with t he  WW var iab le  
I p i t ch  f a n  and var iab le  exhaust fan  nozzle. 
CONFIGURATION DESCRIPTION 
The WTW propuls ion system is shown on F igure  5 a s  it would be i n s t a l l e d  
on a t y p i c a l  BEF a i r c r a f t  wing arrangement. The o v e r a l l  n a c e l l e  geometry is 
shown t o  be compatible wi th  t h e  a i r c r a f t  pylon, wing and n a c e l l e  l o c a t i o n  
requirements.  The major n a c e l l e  components c o n s i s t  of t h e  high Mach i n l e t ,  
upper pylon mounted a c c e s s o r i e s ,  f a n  d u c t ,  t h e  mul t i - funct ion f l a r e  nozz le ,  
c o r e  cowl and plug. A l l  n a c e l l e  components a r e  axisymmetric and have a c o u s t i c  
t rea tment  a s  an i n t e g r a l  p a r t  of t h e  s t r u c t u r a l  wa l l s .  The i n l e t  is no t  troop- > 1. ; :s  
ed a s  is t h e  case  on most CTOL a i r c r a f t  because t h e  i n l e t  l o c a t i o n  is f a r  I;,.: i . , .:; 
enough forward of t h e  wing t o  be ou t  of t h e  upwash f low f i e l d .  The n a c e l l e  \ .  
maximum diameter  is 200 c m  (78.7 i n )  wi th  an o v e r a l l  l s n g t h  of 536 c m  (211 i n ) .  i-. -4 
, - * - *  
A t t e n t i o n  is d i r e c t e d  t o  t h e  accessory pylon loca t ion .  T h i s  upper pylon l o c a t i o n  i . ..$ 
I .  : - 
does n o t  produce any unusual maintenance problems f o r  t h e  high wing a i r c r a f t  1 . ! .- 
but dons provide a reduced p ro jec ted  f r o n t a l  a r e a  by allowing t h e  a c c e s s o r i e s  I I . . "  I ; :..i 
t o  f i t  wi th in  t h e  s i l h o u e t t e  of t h e  pylon. The upper accessory l o c h t i o n  shor tens  : 
. --.: 
conf igura t ion  hardware ( tubes ,  d u c t s ,  c a b l e s ,  wi res ,  e t c . )  s i n c e  t h e r e  is a 
. i .  
minimum d i s t a n c e  from t h e  engine t o  t h e  engine accessor ies  and then  on t o  t h e  . . 4 
a i r c r a f t  in te rconnec t  po in t s .  The upper accessory l o c a t i o n  e l i u ~ i ~ s t e s  t h e  
t . . I  
c h a r a c t e r i s t i c  lower bulge which r e s u l t s  i n  l o c a l  s u p e r v e l c ~ c i t i e s  and I 
a t t endan t  lower s t a t i c  p ressures  and hence downward f o r c e  nnd l o s s  of a i r c r a f t  
l i f t .  I n  a d d i t i o n ,  t h e  accessory s idswise  bulge i n  t h e  pylon is l o c a t e d  i n  f r o n t  i 
of t h e  wing f o r  a favorab le  impact on o v e r a l l  a i r c r a f t  a rea  r u l i n g .  The upper 
pylon accessory l o c a t i o n  e l i m i n a t e s  t h e  need f o r  f a n  cas ing  hardwnre on t h e  
t y p i c a l  bottom mounted acc  s sory  arrangement and permits  i n t e g r s t i o n  of t h e  f a n  
cowl i n t o  t h e  engine s t r u c t u r e .  T h i s  permits  t h i n n e r  n a c e l l e  w a i l s  - approxi-  
mately 10 ;a (4 i n )  a l l  around compared t o  25 cm (10 ill) on t h e  t o p  and s i d e s  
of t h e  CF6 and 50 cm (20 i n )  on t h e  bottom of t h e  CF6/DC10 nace l l e .  
The conventional bottom - mounted accessory arrangement is  shown i n  Figure  
6. The n a c e l l e  s t r u c t c r e  is no longer  symmetricsll and a p o t e n t i a l  drag 
producing f a i r i n g  i s  required t o  coqer t h e  accessor ies .  I n  o r d e r  t o  mainta in  low 
b o a t t a i l  ang les ,  t h e  f a i r i n g  must be extended a f t  of t h e  normal n a c e l l e  e x i t  
wi th  p o t e n t i a l  negat ive  impact on i n t e r n a l  f low c h a r a c t e r i s t i c s .  
WHAUST SYSTEM 
The requirement f o r  low f a n  p ressure  r a t i o  t o  achieve low no ise  i n t r o -  
duces another  i n s t a l l a t i o n  des ign complexitjr i n  t h e  exhaust  system. These low 
pressure  r a t i o  systems r e q u i r e  v a r i a b l e  a r e a  exhaust  nozzles wi th  t h e  c r u i s e  
a r e a  being reduced r e l a t i v e  t o  takeoff  a r e a  i n  o rder  t o  maintain f a n  e f f i c i e n c y  
and i n c r e a s e  a l t i t u d e  c r u i s e  t h r u s t .  The QCSEE V T W  engine c y c l e  r e q u i r e s  an 
a r e a  i n c r e a s e  of 31% while t h e  (TrW needs 21% a s  shown on F igure  7. Convention- 
a l  CTOL systems being i n  t h e  h igher  f a n  p ressure  r a t i o  range of 1 .5  and over  do 
not employ v a r i a b l e  a r e a  nozzles .  
The QCSEE VTJ propuls ion system employs a 4 f l a p  arrangement a s  shown on 
Figure  8. The 4 f l a p s  a r e  arranged t o  provide t h e  31% a r e a  changr .eclcired f o r  
takeoff  t o  c r u i s e  opera t ions  while maintaining acceptable  low b ~ d t t a i l  angles  
f o r  c r u i s e  cond i t ions .  I n  a d d i t i o n ,  t h e s e  f l a p s  a r e  ac tua teu  outward t o  pro- 
v i d e  t h e  f low i n l e t  f o r  r e v e r s e  mode opera t ion  f o r  t h e  v a r i a b l e  p i t c h  U T W  f a n .  
- Test4.ng a t  NASA L?wis dur ing wind on cond i t ions  has demonstrated recovery l e v e l s  
,--- 
- 
during reverse  tests of 95% a t  simulated a i r c r a f t  landing cond i t ions  and law 
pressure  d i s t o r t i o n  l e v e l s  of 7% a t  t h e  f a n  f a c e .  T h i s  W W  mult i - funct ian 
exhaust  system was designed t o  f i t  wi th in  t h e  o v e r a l l  n a c e l l e  envelope def ined 
f o r  t h e  i n t e g r a t e d  propuls ion system. 
The QCSEE OTW exhaust  system had t h e  a d d i t i o n a l  requiretuents of e f f i c i e n t  
f low tu rn ing  f o r  t h e  over  t h e  wing n a c e l l e  asniiazement ( t h e  t a r g e t  was 600 of 
t u r n i n g  f o r  approach c o n d i t i o n s ) ,  e x i t  a r e a  v a r i a b i l i t y  of 21% and a t h r u s t  
r e v e r s e r  producing 35% r e v e r s e  t h r u s t .  
Since t h e  QCSEE mW e f f o r t  involved t h e  development of a  ground t e a t  
engine only ,  and t h e  n a c e l l e  i n t e g r a t i o n  wi th  t h e  wing would need t o  be very 
in t imate ly  t a i l o r e d  t o  t h e  f u s e l a g e  and wing flow f i e l d ,  t h e  des ign  thought 
process spec i f  i c a l l y  excluded any d e t a i l e d  e x t e r n a l  and i n t e r n a l  aerodynamic 
i t e r a t i o n s  and LO plans  were put i n t o  p lace  f o r  t r adeof f  s t u d i e ~  o r  wind 
tunne l  c r u i s e  d rag  i n v e s t i g a t i o n s .  Overa l l  genera l  guidance on t h e  nozzle  
geometry was received from t h e  b e i n g  Company. 
The QCSEE U T W  exhaust  system was developed w i t h  t h e  a s s i s t s a c e  of t h e  
NASA Langley Dynamic S t a b i l i t y  Branch. The a f t  views on Figure  3 show t h e  
means of achieving t h e  required 21% a r e a  v a r i a t i o n .  Two s i d e  d e w s  a r e  opened 
up f o r  takeoff  mode and t h e  doors c losed f o r  t h e  c r u i s e  mode t o  provide con t in -  
uous flow s u r f a c e s .  The s i d e  doors provide t h e  required 21% apes change and 
i n  a d d i t i o n ,  enhance t h e  s idewise  f low spreading c h a r a c t e r i s t i c s  t o  achieve t h e  
d e s i r e d  jet tu rn ing  f o r  USB Propuls ive  L.ift Systems. The d e t a i l e d  i n t e r n a l  
and e x t e r n a l  contours  of t h e  nozzle a r e  c a l l e d  out  on Figurc  10. The combina- 
t i o n  of t h e  n a c e l l e  l i n e s  produces a  very s i g n i f i c a n t  impingement angle  of t h e  
f low on t h e  wing s u r f a c e  r e s u l t i n g  i n  59 degrees of jet t u r n i n g  and e f f i c i e n c y  
of 87%. 
The manner i n  which t h e  nozzle i n t e g r a t e s  w i t h  t h e  o v e r a l l  (ITW n a c e l l e  
and t h e  t a r g e t  type t h r u s t  r e v e r s e r  is shown on Figure  11. The r e v e r s e r  geometry 
was a l s o  developed a t  NASA Langley. The reverse  t h r u s t  a b j e c t i v e  of 35% was 
achieved. The combination of t h e  n a c e l l e  duct  aren and r e v e r s e r  l o c a t i o n  does 
r e s t r i c t  t h e  reverse  a i r f l o w  t o  about 85% of t h e  forward mode l e v e l .  However, 
under t b - 3 e  condi t in t ls ,  t h e  QCSEE mW engine has adequate s t a l l  margin f o r  
s a t i s f a c t o r y  engine opera t ion  i n  t h e  reverse  mode f o r  ground t e s t  purposes. 
CONCLUDING REMARKS 
The QCSEE i n t e g r a t e d  propulsion s y s t a x  des ign  provides technology advance- 
ments i n  t h e  a r e a s  of t h e  high Mach f i x e d  i n l e t ,  ' n t egra ted  low drag n a c e l l e  
wi th  unique upper pylon accossor ies ,  and v a r i a b l e  a rea  nozzle arrangements. 
These components have been i n t e g r a t e d  t o  f u l l y  meet t h e  o b j e c t i v e s  of t h e  
QCSEE s h o r t  haul t r a n s p o r t  requirements. The i n l e t ,  c y c l e  and exhaust  system, 
nozzle and reverse r  f o r  both t h e  WW and (ITW a r e  matched e f f i c i e n t l y  t o  provide 








Fan Pressure Ratio 
Figure 1 . -  Effect of fan pressure ratio on thrust per square foot 
of frontal area. 
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Figure 2 . -  Nacelle comparison of high throat Mach number with low 
throat Mach number. 
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Figure 3 . -  Inlet  throat Mach number se lect ion .  
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Figure 5.- QCSEE UTW baseline propulsion system, 
upper pylon accessories. 
Figure 6.- QCSEE UTW study propulsion system, 
bottom mounted accessories. 
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Fan Pressure Ratio 
Figure 7.- Effect of fan pressure ratio on nozzle area 
to maintain fan efficiency st cruise. 
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Figme 8.- E~haust nozzle for QCSEE UTW. 
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Figure 9. -  Exhaust nozzle f o r  QCSEZ O W  a f t  view, I 
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1 l Figure 10.- QCSEE O W  exhaust nozz le .  
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